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ABSTRACT 

S t o c k s  o f  d e e p w a t e r  s n a p p e r s .  g r o u p e r s .  and 
j a c k s  i n  t h e  Mariana Archipelago are j u s t  beginning 
t o  b e  e x p l o i t e d ,  and i t  i s  e s t i m a t e d  f r o m  a 5 -yea r  
f i s h e r y  assessment program t h a t  t h e  annual e q u i l i b -  
rium y i e l d  f o r  t h i s  r e source  w i l l  be 109 metric tons  
(MT). S t o c k s  of  d e e p w a t e r  b o t t o m  f i s h e s  i n  t h e  
Hawaiian I s l a n d s  have a long h i s t o r y  of e x p l o i t a t i o n  
and .have  b e e n  f i s h e d  v e r y  h e a v i l y  i n  r e c e n t  y e a r s .  
e s p e c i a l l y  around t h e  populated i s l ands .  Commercial 
l a n d i n g s  f o r  1984 a r e  e s t i m a t e d  a t  414 MT f r o m  t h e  
populated i s l a n d s  and 662 MT f o r  t h e  e n t i r e  archipe-  
lago. There i s  some evidence t h a t  t h e  high f i s h i n g  
p r e s s u r e  a t  l eas t  around t h e  populated i s l a n d s  has  
so s u b s t a n t i a l l y  reduced t h e  spawning s t o c k  biomass 
€ o r  a t  l e a s t  one of  t h e  m a j o r  s p e c i e s  t h a t  t h e  
r e c e n t  levels of y i e l d  may not  be sus t a inab le .  

The Beverton and Holt  y i e l d  equati0n.i .s  used t o  
e v a l u a t e  t h e  impact of f i s h i n g  m o r t a l i t y  on spawning 
s t o c k  b i o m a s s .  and some g e n e r a l  g u i d e l i n e s  a r e  
p roposed :  When t h e  s i z e  o f  e n t r y  t o  t h e  f i s h e r y  
exceeds t h e  s i z e  of s exua l  matur i ty .  f i s h i n g  mortal-  
i t y  should no t  exceed twice n a t u r a l  m o r t a l i t y ;  and 
when t h e  s i z e  of e n t r y  t o  t h e  f i s h e r y  i s  l e s s  t h a n  
o r  e q u a l  t h e  s i z e  of  s e x u a l  m a t u r i t y .  f i s h i n g  
m o r t a l i t y  should not  exceed n a t u r a l  m o r t a l i t y .  The 
B w e r t o n  and Holt  equa t ion  i s  a l s o  used t o  s i m u l a t e  
m u l t i s p e c i e s  i n t e r a c t i o n s  f o r  a d e v e l o p i n g  f i s h e r y  
t h a t  a r i s e  when f i s h i n g  m o r t a l i t y  a p p l i e d  t o  one 
s p e c i e s  i m p a c t s  a n o t h e r .  As f i s h i n g  m o r t a l i t y  
i n c r e a s e s  and concur ren t ly  t h e  s i z e  of e n t r y  t o  the 
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f i s h e r y  d e c r e a s e s .  t h e  c a t c h e s  of s p e c i e s  w i t h  
h i g h e r  n a t u r a l  m o r t a l i t y  t o  g r o w t h  r a t i o s  w i l l  
i n c r e a s e  r e l a t i v e  t o  t h o s e  w i t h  l o w e r  n a t u r a l  
m o r t a l i t y  t o  growth r a t i o s .  

The  H a w a i i a n  a n d  M a r i a n a  A r c h i p e l a g o s  s u p p o r t  
deepwater bottom f i shes .  which are a mul t i spec ies  group 
c o n s i s t i n g  p r i n c i p a l l y  of s n a p p e r s  ( L u t j a n i d a e )  and  
groupers (Serranidae). b u t  a l s o  i n c l u d i n g  j a c k s  (Carang- 
i d a e )  i n  d e p t h s  from 125 t o  360 m. I n  H a w a i i  t h e r e  i s  a 
l o n g  h i s t o r y  of f i s h i n g  f o r  d e e p w a t e r  bot tom f i s h e s ;  
c u r r e n t l y  t h e  r e s o u r c e  i s  f i s h e d  t h r o u g h o u t  t h e  a r c h i -  
p e l a g o  and h e a v i l y  f i s h e d  around t h e  p o p u l a t e d  i s l a n d s  
(Ralston and Polovina 1982). I n  t h e  Marianas t h e  f i s h e r y  
f o r  t h e  d e e p w a t e r  bot tom f i s h e s  i s  a much more r e c e n t  
development. and t h e  stocks around many of t h e  i s l a n d s  and 
banks a r e  s t i l l  u n e x p l o i t e d .  The f i r s t  s e c t i o n  of t h i s  
chapter  presents  an estimate of t h e  p o t e n t i a l  y i e l d  of t h e  
d e e p w a t e r  bot tom f i s h e s  i n  t h e  Mar ianas  based  on a 
r e c e n t l y  concluded  5-year  f i s h e r y  assessment program by 
t h e  S o u t h w e s t  F i s h e r i e s  C e n t e r  Honolu lu  L a b o r a t o r y .  
National Marine F i s h e r i e s  Service. NOAA. The next s e c t i o n  
treats t h e  t rends  and est imated y i e l d  of t h e  bottom f i s h  
f i s h e r y  i n  t h e  Hawaiian Islands.  based p r i m a r i l y  on a t i m e  
s e r i e s  of commerc ia l  l a n d i n g s .  The f i n a l  s e c t i o n  g i v e s  
g e n e r a l  g u i d e l i n e s  on a s s e s s m e n t  and management of t h e  
deepwater bottom f i s h e s  f o r  Pacific is lands.  

DEEPWATER BOTiOM FISH FISHERY IN THE 
MARIANAS AND ITS POTENTIAL YIELD 

The Mariana A r c h i p e l a g o  c o n s i s t s  of a c h a i n  of 
i s l a n d s  and banks on a n o r t h - s o u t h  axis ,  b e g i n n i n g  w i t h  
Galvez Banks and Santa Rosa Reef a t  t h e  southernmost end 
and e x t e n d i n g  n o r t h w a r d  t o  F a r a l l o n  de  P a j a r o s .  and a 
c h a i n  of seamounts  a l s o  on a n o r t h - s o u t h  a x i s  a b o u t  120 
nmi w e s t  of t h e  high i s l a n d  chain (Figure 11.1). 

The f i s h e r y  f o r  d e e p w a t e r  bot tom f i s h e s  i n  t h e  
Marianas grew out of a program of exploratory f i s h i n g  f o r  
deepwater snappers and groupers i n i t i a t e d  i n  1968 (Ikehara 
e t  a l .  1970). The bot tom f i s h i n g  f l e e t  c o n s i s t s  of 
v e s s e l s  6 t o  15 m long based p r i m a r i l y  i n  Guam or  Saipan. 
The v e s s e l s  t y p i c a l l y  u s e  e l e c t r i c  o r  h y d r a u l i c  g u r d i e s  
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F i g u r e  11.1 The Mar iana  Archipelago w i t h  t h e  
22 is1 ands and banks sampl ed 
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w i t h  a t e rmina l  r i g  c o n s i s t i n g  of a weight and f o u r  t o  s ix  
hooks.  e a c h  a t t a c h e d  to t h e  m a i n l i n e  w i t h  a l e a d e r  and 
s p a c e d  a b o u t  a m e t e r  a p a r t .  From 1980 t o  1984. t h e  
l and ings  of deepwater bottom f i s h e s  i n  Guam have inc reased  
f rom 6 m e t r i c  t o n s  (MT) i n  1980 t o  an e s t i m a t e d  20  MT i n  
1984. About 65 t o  90% of t h e  l a n d i n g s  come from .the 
waters around Guam. 1 The e s t ima ted  commercial landings i n  
S a i p a n  € o r  t h e  p e r i o d  1981  t o  1984 r a n g e d  f rom 2 t o  10 
MT. 1 

I n  1980, a 5-year f i s h e r y  assessment w a s  begun i n  t h e  
Marianas. and the  deepwater snappers, groupers, and j a c k s  
were one of t h e  r e s o u r c e  g roups  t a r g e t e d .  A t o t a l  of 
7,621 deepwater bottom f i s h e s  w e r e  c a u g h t  w i t h  h a n d l i n e  
g e a r  d u r i n g  s i x  a s s e s s m e n t  c r u i s e s .  P r i s t i p o m o i d e s  
zonatus  accounted f o r  51.2% of the ca t ch  and three s p e c i e s  
( E .  z o n a t u s ,  E. a u r i c i l l a ,  a n d  E t e l i s  c a r b u n c u l u s )  
accounted f o r  79.1% of the  t o t a l  catch (Table 11.1). 

The resource i s  r e l a t i v e l y  unexploi ted except around 
a few of t h e  i s l a n d s  and banks where  t h e  c o l l e c t i o n  of 
ca t ch  and e f f o r t  d a t a  has  r ecen t ly  been i n i t i a t e d .  Thus, 
any a p p r o a c h  t o  y i e l d  a s s e s s m e n t  mus t  be i n d e p e n d e n t  of  
ca t ch  and e f f o r t  data. I n  r ecen t  years.  t h e r e  have been a 
number of new methods and m o d i f i c a t i o n s  of e x i s t i n g  
me thods  t o  es t imate  g rowth  and m o r t a l i t y  p a r a m e t e r s ,  
s t and ing  s tock,  and y i e l d  f o r  f i s h  s t o c k s  p a r t i c u l a r l y  i n  
t he  a b s e n c e  of a t i m e  ser ies  of c o m m e r c i a l  c a t c h  and 
e f f o r t  data (Beddington and Cooke 1983; Munro 1983a; Pauly 
1983; Polovina 1986; Wetherall  e t  al. I n  press). A number 
of t h e s e  methods have been combined t o  p roduce  a n  i n t e -  
g r a t e d  approach  t o  y i e l d  a s s e s s m e n t  t h a t  was a p p l i e d  t o  
the  m u l t i s p e c i e s  r e source  of d e e p w a t e r  bo t tom f i s h e s  i n  
t h e  M a r i a n a s  ( P o l o v i n a  and R a l s t o n  I n  p r e s s )  ( F i g u r e  
11.2). This approach  t o  e q u i l i b r i u m  y i e l d  e s t i m a t i o n  
a s sumes :  (1) t h a t  g rowth  f o l l o w s  t h e  d e t e r m i n i s t i c  von 
B e r t a l a n f f y  c u r v e  w i t h  p a r a m e t e r s  R and L; (2) t h a t  t h e  
m o r t a l i t y  o f  f i s h  a b o v e  t h e  s m a l l e s t  l e n g t h  f u l l y  
r ep resen ted  i n  t h e  ca t ch  (L,) occurs a t  a constant  instan- 
t a n e o u s  r a t e  (Z); (3) t h a t  r e c r u i t m e n t  i s  c o n s t a n t  (R 
r e c r u i t s  e n t e r i n g  t h e  f i r s t  a g e  c l a s s  a n n u a l l y ) ;  and (4) 
t h a t  t h e  resource is e s s e n t i a l l y  unexploited. Departures 
from some of these assumptions are discussed i n  Polovina 
and Rals ton ( In  press). 

The r e s o u r c e  i n  t h e  M a r i a n a s  i s  e s s e n t i a l l y  
u n e x p l o i t e d ;  t h u s  an estimate f o r  e a c h  s p e c i e s  of t h e  
unexploi ted biomass t h a t  i s  r e c r u i t e d  t o  t h e  f i s h e r y  and 
can be ha rves t ed  wi th  handl ine gear f o r  each s p e c i e s  was 
o b t a i n e d  from a s y s t e m a t i c  su rvey .  and an es t imate  of 
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TABLE 11.1 
L i s t  o f  species caught w i t h  bottom hand1 i n e  gear 
i n  t h e  M a r i a n a  A r c h i p e l a g o  d u r i n g  the p e r i o d  
Aprf l  1982 t o  May 1984 

Species  
Number Percentage 
Caught of Catch 

Lut j anidae 
Aphareus r u t i l a n s  
Aprion v i rescens  
E t e l i s  coruscans - E. carbunculus 
Pr is t ipanoides  s i e b o l d i i  
- P. f ilamentosus 
- P. a u r i c i l l a  
- P. f l av ip inn i s  
P. zonatus 
P. amoenus 
- 
- 

Carangidae 
Ser io la  sp. 
Carangoides orthogrammus 
Caranx lugubr is  

Serranidae 
Serranidae sp. 
Epinephelus morrhua 
Cephalopholis i qa ra s ihens i s  
Variola l o u t i  
Salopt ia  pove l l i  

Total  

81 
7 

202 
95 2 
57 
191 

1.170 
502 

3.904 
26 

60 
9 

27 2 

102 
15 
11 
13 
47 

7,621 

1.06 
0.09 
2.65 
12.49 
0.75 
2.51 
15.35 
6.59 
51.23 
0.34 

0.79 
0.12 
3.57 

1.34 
0.20 
0.14 
0.17 
0.62 

100 

c a t c h a b i l i t y  w a s  o b t a i n e d  from an i n t e n s i v e  f i s h i n g  
expe r imen t  on a s m a l l  i s o l a t e d  pinnacle (Polovina 1986). 
For each of t h e  major  s p e c i e s .  an estimate of t h e  von 
Bert lanffy growth parameter (K) vas obtained from o t o l i t h  
data (Ralston and W i l l i a m s  Unpub.). Estimates of na tura l  
m o r t a l i t y  (MI were  o b t a i n e d  from l a rge  length-frequency 
samples  by app ly ing  a r e g r e s s i o n  model t o  t h e  s t a n d a r d  
Beverton and Holt r e l a t i o n s h i p  fo r  M/K i n  an unexploited 
stock. expressed as: 

M/K = (L, - 1) / (1 - L,) . 
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Intensive Fishing I Length Frequency I 

Otoliths - 
Yield and Relative 

F igure  11.2 A schematic o f  the y i e l d  assess- 
ment approach-a more genera l  approach t o  
f I shery assessment-w h i  ch i ncl udes a t reatment  
o f  c a t c h  and e f f o r t  d a t a  a s  well i s  g i v e n  f n  
Munro  ( 1 9 8 3 b ) ;  t h i s  f i g u r e  r e p r e s e n t s  a 
d e t a i l e d  subset o f  Munrds (1983b) f i g u r e  1 

where L, is the  smallest length f u l l y  represented i n  the  
catch and is the mean length of all f i s h  grea te r  than L, 
( B e v e r t o n  and  H o l t  1 9 5 6 ) .  The r e g r e s s i o n  approach 
c o n s t r u c t s  a series of Lc v a l u e s  a t  i n t e r v a l s  beginning  
v i t h  the  smallest L, and going up t o  L, together  with the  
corresponding set of values. By solving the  M/K equa- 
t i o n  f o r  Q as a function of L,. t he  following re la t ionship  
is obtained: 

R = Loo / ( ( M / K )  + 1) + Lc(M/K) / ( ( M / K )  + 1) . 
Thus. regressing a sequence of 7 values on the  correspond- 
i n g  L, v a l u e s  (wi th  t h e  a p p r o p r i a t e  we igh t ing )  produces 

- 
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estimates f o r  the slope and in te rcept  t h a t  can be solved 
f o r  L, and M/K (Wetherall e t  al. In press). 

The y i e l d  a s ses smen t  approach i s  based on t h e  
Beverton and Holt y i e ld  equations. where equilibrium y i e l d  
(Y) can  be expressed  as a f u n c t i o n  of growth (K). n a t u r a l  
m o r t a l i t y  (M)'. age  of e n t r y  t o  t h e  f i s h e r y  (Tr). and 
f i sh ing  mortal i ty  (P) as: 

W 

(-Kt) la with w(t)  = W(1-e 

where W is  the  asymptotic weight and a i s  the  coe f f i c i en t  
of a l lome t ry .  The u n e r p l o i t e d  biomass r e c r u i t e d  t o  t h e  
f i sherg  (BOD) can be expressed as: 

The r a t i o  of e q u i l i b r i u m  y i e l d  t o  unexp lo i t ed  r e c r u i t e d  
biomass (Y/BoD) is independent of W and R and depends only 
on K. H. Tr. F, and a. Once an  es t imate  of Boo i s  avail-  
able. t he  equilibrium y ie ld  is estimated f o r  a given level 
of f i sh ing  mor ta l i ty  as t he  product of YA,, and B03. 

Fur ther .  i f  t h e  age  of t h e  o n s e t  of s exua l  m a t u r i t y  
(Tm) is known, t h e  spawning s t o c k  biomass (SSB) t h a t  
corresponds t o  a given level of f i sh ing  mortal i ty  is: 

SSB = R w(t)e'(t-Tr)Fe'tMdt where Tm 2 T, 

=r 03 

SSB = R w(t)e'tMdt + R w(t)e-(t-Tr)Fe'tMdt I I and 
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The r a t i o  of t h e  SSB €or a s p e c i f i c  l e v e l  of  F t o  t h e  
s p a w n i n g  s t o c k  b i o m a s s  i n  t h e  a b s e n c e  of e x p l o i t a t i o n  
(SSBo) i s  a u s e f u l  m e a s u r e  of t h e  r e l a t i v e  i m p a c t  t h a t  F 
has on t h e  SSB and u n d e r  t h e  a s s u m p t i o n  of c o n s t a n t  
r e c r u i t m e n t  i s  independent of R. depending only on T,. K. 
T,. M. F, and a. 

I n  t h e  s y s t e m a t i c  s u r v e y  of t h e  r e s o u r c e  i n  t h e  
M a r i a n a s ,  s e v e n  s p e c i e s .  one j a c k .  Caranx l u g u b r i s .  and 
s i x  s n a p p e r s .  P r i s t i p o m o i d e s  z o n a t u s .  P. a u r i c i l l a .  1. 
f i l a m e n t o s u s ,  1. f l a v i p i n n u s .  E t e l i s  c a r b u n c u l u s .  and ,E. 
c o r u s c a n s .  a c c o u n t e d  for 92% o f  t h e  c a t c h  ( T a b l e  11.1). 
Y i e l d  a s s e s s m e n t  w a s  p e r f o r m e d  f o r  e a c h  of  t h e s e  s e v e n  
s p e c i e s  p l u s  a n  e i g h t h  g roup  t h a t  c o n s i s t e d  o f  all other 
s p e c i e s .  For t h i s  l a t t e r  group.  t h e  r a t i o  ( Y / B , )  i s  
e s t i m a t e d  as t h e  r a t i o  of  t o t a l  y i e l d  f o r  t h e  s e v e n  
s p e c i e s  d i v i d e d  by t h e i r  t o t a l  u n e x p l o i t e d  r e c r u i t e d  
b iomass .  I n  t h i s  a n a l y s i s .  t h e  a g e  of  e n t r y  f o r  e a c h  
s p e c i e s  i s  t h e  age that maximizes t h e i r  y i e l d  p e r  r e c r u i t .  

The t o t a l  equ i l ib r ium y i e l d  i s  computed as a f u n c t i o n  
of F f o r  t h e  m u l t i s p e c i e s  bottom f i s h  complex f i s h e d  w i t h  
h a n d l i n e  g e a r  i n  t h e  125 t o  275 m d e p t h  r a n g e  f o r  22 
i s l a n d s  and banks  of  t h e  Mar i ana  A r c h i p e l a g o .  A t  e a c h  
bank, t h e  e q u i l i b r i u m  y i e l d s  a r e  summed o v e r  t h e  e i g h t  
s p e c i e s  groups t o  produce t h e  bank e q u i l i b r i u m  y ie ld .  The 
bank e q u i l i b r i u m  y i e l d s  t h e n  a r e  summed o v e r  t h e  22 
i s l a n d s  and banks  su rveyed .  T h i s  a r c h i p e l a g o  y i e l d  
i n c r e a s e s  r a p i d l y  as a f u n c t i o n  of  f i s h i n g  m o r t a l i t y  t o  a 

TABLE 11.2 
Annual s u s t a i n a b l e  hand1 i n e  y i e l d  f o r  t h e  
M a r i a n a s  f o r  t h e  age  a t  e n t r y  t h a t  m a x i m i z e s  
t h e  y i e l d  p e r  r e c r u i t  f o r  each s p e c i e s  i n  
m e t r i c  tons (MT) 

Fish ing  Mor ta l i t y  (F) Total  Yield (MT) 

0.1 
0.5 
1.P 
1.5 
2.0 
2.5 

35 
91 
109a 
114 
116 
116 

~ ~~ 

aFOel and Y o e l  as defined by Gulland (1983). 
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l eve l  of a b o u t  100 MT, e x h i b i t s  o n l y  a g r a d u a l  i n c r e a s e  
w i t h  i n c r e a s i n g  F (Table  11.2) .  The y i e l d  c u r v e  assumes  
c o n s t a n t  r e c r u i t m e n t :  of c o u r s e  when F is s u f f i c i e n t l y  
l a r g e ,  t h i s  assumption w i l l  no longer  hold, t h e  y i e l d  w i l l  
d e c l i n e .  I d e a l l y .  a s p a w n e r - r e c r u i t  r e l a t i o n s h i p  is 
needed t o  determine t h e  s u s t a i n a b l e  y i e l d  c w e .  However. 
i n  t h e  absence of t h a t  re la t ionship .  the  maximum l e v e l  of 
F t h a t  w i l l  b e  s u s t a i n e d  b e f o r e  a s e r i o u s  r e d u c t i o n  i n  
r e c r u i t m e n t  o c c u r s  can  be e s t i m a t e d  from t h e  r a t i o  of 
spawning s tock  biomass under F r e l a t i v e  t o  t h e  unexploited 
spawning  s t o c k  biomass.  In t h e  a b s e n c e  of any s p e c i e s -  
s p e c i f i c  knowledge. i t  has been suggested t h a t  a substaa- 
tiel reduct ion i n  recrui tment  w i l l  occur i f  the  spawning 
s t o c k  b i o m a s s  of a s p e c i e s  is  reduced  below 20% of i t s  
unexploi ted level (Beddington and Cooke 1983). With F of 
1.0 and t h e  age of en t ry  t h a t  maximizes t h e i r  y i e l d s  per 
r e c r u i t .  t h e  spawning  s t o c k  b i o m a s s e s  €or t h e  s e v e n  
s p e c i e s  a r e  r e d u c e d  t o  l e v e l s  r a n g i n g  from 20 t o  42% of 
t h e i r  unexploited levels. suggest ing t h a t  recru i tment  w i l l  
n o t  b e  r e d u c e d  s i g n i f i c a n t l y  i f  t h e  l o w e r  bound of 0.20 

TABLE 113 
T h e  r a t i o  o f  s p a w n i n g  s t o c k  b i o m a s s  to 
u n e x p l o i t e d  s p a w n i n g  s t o c k  b i o m a s s  a s  a 
f u n c t i o n  o f  F w i t h  t h e  ages o f  e n t r y  f o r  each 
s p e c i e s  t a k e n  a t  the age t h a t  m a x i m i z e s  the 
y i e l  d per  recru i  ta 

Spawning Stock Biomass Rela t ive  t o  Its 
L e v e l  i n  t h e  Absence of Explo i ta t ion  

Species F = 0.5 F = 1.0 F = 1.5 

Caranx lugubr ie  
P r i s t i p a n o i d e s  

f i lamentoeus - P. a u r i c i l l a  - P. f l a v i p i n n i s  
P. zonatus  
E t e l i s  coruscans 
- E. carbunculus 

- 

0.44 

0.46 
0.45 
0.45 
0.39 
0.31 
0.58 

0.26 

0.33 
0.29 
0.26 
0 . 2 4  
0.20 
0.42 

0.17 

0.28 
0.23 
0.17 
0.18 
0.15 
0.34 

%ased on l e n g t h  of matur i ty  (&I estimated as L, = 0.576 
L,, (Anonyme 1977 i n  Brouard and Grandpertin 1984) .  

-I ^”- 
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s u g g e s t e d  by Beddington  and Cooke i s  v a l i d  f o r  t h e s e  
s p e c i e s  ( T a b l e  11.3). As a n  a l t e r n a t i v e  approach .  t h e  
maximum s u s t a i n a b l e  y i e l d  (MSY) from t h e  Beverton and Holt  
y i e l d  equat ion can be taken as t h e  y i e l d  corresponding t o  
t h a t  level  of f i s h i n g  m o r t a l i t y  where an  i n c r e a s e  of one 
u n i t  of f i s h i n g  m o r t a l i t y  w i l l  i n c r e a s e  t h e  c a t c h  by.O.l 
of t h e  amount c a u g h t  by t h e  v e r y  f i r s t  u n i t  o f  f i s h i n g  
m o r t a l i t y  (Gul land  1983. 1984).  T h i s  f i s h i n g  m o r t a l i t y  
and c o r r e s p o n d i n g  y i e l d  h a v e  been  d e n o t e d  a s  F0.1 and 
Y o . l .  respect ively.  The v a l u e  of F0.1 f o r  t h e  bottom f i s h  
r e s o u r c e  i n  t h e  Mar ianas  b a s e d  on t h i s  m a r g i n a l  y i e l d  
approach i s  a l s o  es t imated  t o  be F = 1.0. 

The annual equi l ibr ium y i e l d  corresponding t o  F = 1.0 
i s  109 MT (an approximate 95% confidence i n t e r v a l  i s  81 t o  
137 MT ( P o l o v i n a  and R a l s t o n  I n  p r e s s ) ) .  About 70% o f  
t h i s  y i e l d  would come from t h e  southern i s l a n d s  and banks 
t h a t  i n c l u d e  Guam and Saipan.  27% would come f rom t h e  
northern i s l a n d s  and banks. and only 3% from t h e  seamounts 
( T a b l e  11.4). T h i s  y i e l d  e s t i m a t e  c a n  b e  c o n v e r t e d  t o  a 
y i e l d  p e r  u n i t  of bottom f i s h  habi ta t .  It i s  d i f f i c u l t  t o  
compute a n  area measure  f o r  t h e  s t e e p - s l o p e d  P a c i f i c  
i s l a n d s ,  and s i n c e  t h e  b o t t o m  f i s h e s  a r e  found a l o n g  t h e  
s t e e p  dropoff zones centered around t h e  200-m isobath.  t h e  
l e n g t h  of t h e  200-m c o n t o u r  a round a n  i s l a n d  o r  bank h a s  
been used as an index of bottom f i s h  h a b i t a t .  The means of 
t h e  a n n u a l  s u s t a i n a b l e  y i e l d  p e r  n a u t i c a l  m i l e  of  200-m 
c o n t o u r  f o r  t h e  n o r t h e r n  banks.  s o u t h e r n  banks.  and  
w e s t e r n  s e a m o u n t s  a re  212.9. 228.5. and 264.4 kg. r e s p e c -  
t i v e l y :  a r a t i o  of t o t a l  y i e l d  f o r  t h e  a r c h i p e l a g o  t o  t h e  
t o t a l  l e n g t h  of t h e  200-m contour  i s  222.4 kg/nmi of 200-m 
contour (95% confidence i n t e r v a l  of 165.3 t o  279.6 kg/nmi 
200-m c o n t o u r )  (Table  11.4: P o l o v i n a  and  R a l s t o n  I n  
press).  There is. however. d e t a i l e d  bathymetry d a t a  from 
Guguan Island. one of t h e  Northern Marian8 Is lands.  where 
it i s  e s t i m a t e d  t h a t  1 nmi of 200-m i s o b a t h  corresponds t o  
0.23 nmi2 of h a b i t a t  i n  t h e  125 t o  275 m d e p t h  r a n g e  
( P o l o v i n a  and Roush 1982). Based on t h i s  c o r r e s p o n d e n c e  
t h e  u n i t  MSY o f  222.4 kg/nmi  of  200-m c o n t o u r  f o r  t h e  
Marianas i s  equivalent  t o  approximately 1.0 MT/nmi2 o r  0.3 
MT/km2. which i s  a t  the  lower  end of t h e  s u s t a i n a b l e  y i e l d  
estimates f o r  t h e  bottom f i s h  resources  of t h e  northwest  
Aus t ra l ian  she1 f (Sainsbury 1986). 

There  a r e  two a p p r o x i m a t i o n s  t o  e s t i m a t e  MSY t h a t  
e x p r e s s  i t  a s  a f r a c t i o n  of t h e  u n e x p l o i t e d  r e c r u i t e d  
biomass. Gulland (1969) uses  a formula t h a t  estimates MSY 
as 0.5 MB=. where M i s  t h e  ins tan taneous  n a t u r a l  m o r t a l i t y  
and BoD t h e  u n e x p l o i t e d  b iomass .  and w h i l e  Pauly  (1983) 
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TMLE 11.4 
Annual sustainable y i e l d  and y i e l d  per naut ical  
m i l e  o f  200-m contour f o r  t h e  age a t  entry t h a t  
maximizes t h e  y i e l d  per  r e c r u i t  a t  a l e v e l  o f  
f i sh ing  mor ta l i ty  o f  F = 1.0 (MT = m e t r i c  tons) 

Total Y i e l d  Yie ld  (kg/year) /mi 
Location (MT/Year 1 of 200-111 Contour 

Asuncion 
Agrihan 
Pagan 

Guguan 
Sarigan 
Anatahan 
38-Fatham 
Esmeralda 

AllSamgall 

Northern Islands and Banks 

2.7 
2.1 
5.6 
7.7 
2.0 
1.7 
1.6 
2.5 
0.5 
2.9 

262.2 

303.6 
255.1 
177.6 
179.0 

144.2 

237.4 

188.4 

193.8 

187.3 

Total 29.3 Mean 212.9 

Southern Islands and Banks 

Farallon de Medinilla 16.7 
Saipan 13.4 

Agui j an 4.2 
Rota 6.1 
Guapl 17.2 
Galvez and Santa Rosa a. 6 

Tinian 8.8 

216.6 
254.1 
303.9 
266.7 
192.2 
201.6 
164.2 

Total  76.0 228.5 

Bank C 
Bank D 
Pathf indet 
Arakane 
Bank A 

Seemaunts 

0.9 
1.1 
0.9 
0.6 
0.6 

288.2 
351.2 

199.6 
179.7 

303 5 

Total 4.1 Mean 264.4 

Total yield from 
all banks 109 MT/year 
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- 0 . 2 6  
es t imates  MSY as  ( 2 . 3 ~  1 B, . where  w i s  t h e  mean of  
t h e  weight  a t  sexual m a t u r i t y  and t h e  asymptot ic  weight. 
A comparison of both t h e s e  approaches w i t h  t h e  v a l u e s  of 
Y/B, produced w i t h  t h e  B w e r t o n  and Holt  equat ion  f o r  t h e  
seven species shows t h a t  i n  four  out  of t h e  seven t h e  Y/B 
v a l u e s  e s t i m a t e d  w i t h  t h e  Beverton and Holt  equat ion  ' l i e  
be tween t h e  v a l u e s  o b t a i n e d  f rom t h e  Pauly and  G u l l a n d  
a p p r o x i m a t i o n s .  For t h e  o t h e r  t h r e e  s p e c i e s .  theY/B, 
v a l u e s  f a l l  s l i g h t l y  below t h e  Pauly and Gulland estimates 
f o r  two and  s u b s t a n t i a l l y  above f o r  t h e  t h i r d  ( T a b l e  
11.5). Thus. f o r  a t  l e a s t  s i x  o u t  of t h e  s e v e n  s p e c i e s .  
t h e  mean of t h e  two estimates provides a usefu l  approxima- 
t i o n  of Y/B, computed from t h e  Beverton and Holt  equation. 
Further. t h e  means of t h e s e  estimates f o r  Y/B, a r e  all i n  
very c l o s e  agreement. 

Based on t h e  e s t i m a t e  of c a t c h a b i l i t y  d e r i v e d  f r o m  
t h e  i n t e n s i v e  f i s h i n g  experiment. which r e p r e s e n t s  lower  
bound f o r  a commercial vessel, a f l e e t  of 15 s m a l l  v e s s e l s  
w i t h  two hydraul ic  or e l e c t r i c  gurd ies  f i s h i n g  1 2  h a day. 
200 days per  y e a r  can produce t h e  f i s h i n g  e f f o r t  approxi- 
mately equal  t o  t h e  optimum f i s h i n g  m o r t a l i t y  of F = 1.00 
The c a t c h  r a t e  f o r  t h i s  f l e e t  would b e  a b o u t  1.5 kg p e r  
line-hour. and t h e  average annual landing  p e r  vessel would 
b e  7.3 MT. 

TABLE 115 
Annual maximum sustainable y i e l d  as a f r a c t i o n  
o f  u n e x p l o i t e d  r e c r u i t e d  biomass a t  F = 1.0 
together  w i t h  O S M  and 2 3 ~ ' ~ ~ ~ ~  

Species Groups Y/B, 0.5M 2 . 3 ~ 3  - 2 6  

Caranx l u g u b r i s  
Pr is t ipomoides 

f i lament  osus 
- P. a u r i c i l l a  
- P. f l a v i p i n n i s  
P. zonatus  
E t e l i s  coruscans 
- E. carbunculus 

- 

Mean 

0.261 

0.262 
0.306 
0.680 
0.280 
0.201 
0.3 75 

0.338 

0.335 0.252 

0.296 0.270 
0.325 0.403. 
0.475 0.348 
0.270 0.363 

0.226 0.175 
0.515 0.289 

0.338 0.311 
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DEEPWATER BOTTOM FISH FISHERY IN 
HAWAII AND ITS FOTENTIAL YIELD 

The Hawaiian Archipelago s t r e t c h e s  from t h e  I s land  of 
H a w a i i  t o  Hancock Seamounts 1.500 nmi t o  t h e  n o r t h w e s t .  
The populated i s l a n d s  i n  t h e  southern por t ion  of t h e  chain 
a r e  o f t e n  r e f e r r e d  t o  as t h e  main Hawai ian  I s l a n d s .  and 
t h e  s m a l l .  uninhabited is lands.  a t o l l s .  and seamounts t h a t  
begin n o r t h  of Niihau and extend northwest t o  Kure Ato l l  
and Hancock Seamounts a r e  c a l l e d  t h e  Northwestern Hawaiian 
I s l a n d s  (NWHI) ( F i g u r e  11.3). 

T h e r e  are  13 s p e c i e s  g r o u p s  t h a t  a r e  h a r v e s t e d  w i t h  
deep-sea h a n d l i n e  g e a r  by t h e  f i s h e r y  (Table  11.6). 
Opakapaka, E. fi lamentosus.  is t h e  s i n g l e  most important  
s p e c i e s  by weight, and t h e  o ther  major spec ies  c o n s i s t  of 
u l u a  (Caranx and C a r a n g o i d e s  spp.) . k a h a l a .  S e r i o l a  
d u m e t i l i ,  uku. Apr ion  v i r e s c e n s .  and onaga. E t e l i s  
c o r u s c a n s .  I n  1984 opakapaka c o n s t i t u t e d  23% of t h e  
c a t c h ,  and t o g e t h e r  onaga. opakapaka. uku. and u l u a  
accounted f o r  a lmost  70% of t h e  landings. 

U n l i k e  t h e  s i t u a t i o n  i n  t h e  Marianas. t h e r e  is a long 
h i s t o r y  of commercial f i s h i n g  f o r  deepwater bottom f i s h  i n  
t h e  Hawai ian  I s l a n d s .  There  w a s  a f l e e t  of vessels  t h a t  
f i s h e d  t h e  d e e p w a t e r  bot tom f i s h e s  t h r o u g h o u t  most t h e  
archipelago a t  least  as e a r l y  as t h e  1930s. Catch records 
from 1945 t o  1982 i n d i c a t e  t h a t  t h e  commerc ia l  l a n d i n g s  

~-Norlhwosl~m Islands-4 PMain Islands4 

Ff g u r e  1 1 3  The Haw ai f an A r c h f  p e l  ago 
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TABLE 11.6 
Principal species of  f i s h  landed i n  t h e  Hawaiian 

offshore handline f ishery 

Range of 
Canmon Landed 

Family Species Name Weight (kg) 

Lutj  anidae 

Carangidae 

Serrani  dae 

Labridae 

Scorpaenidae 

Aphareus r u t i l a n s  
Aprion virescens 
E t e l i s  coruscans 
- E. carbunculus 
Lutjanus kasmira 
Pristipomoides 

filamentosus 
- P. s i e b o l d i i  
P. zonatu6 - 
Catanx and 

Ser io la  dumerili 
Carangoides spp. 

Epinephelus quernus 

Bodianus spp. 

Pontinus macrocephala 

Lehi 
UkU 
Onaga 
EhU 
Taape 

Opakapaka 
Kalekale 
Gindai 

U l u a  
Kahala 

Hapuupuu 

Aawa 

Nohu 

3-8 
2-8 
2-8 

0.5-2 
0.5 

1-6 
0.5 
0.5-2 

1-10 
3-10 

3-10 

1-3 

1-2 

f o r  t h e  S t a t e  began a t  about  450 MT a f t e r  t h e  h i a t u s  
imposed by World War I f ,  d e c l i n e d  r a p i d l y  t o  a l e v e l  of 
about  180 MT by 1959, and remained r e l a t i v e l y  s t a b l e  a t  
around 180 MT u n t i l  1974, when l a n d i n g s  began s t e a d i l y  
increasing (Figure 11.4). These catch data come only from 
f i s h e r m e n  w i t h  commercial  f i s h i n g  l i c e n s e s  and do n o t  
include the  catches from t h e  recrea t iona l  fishermen. which 
may be  s u b s t a n t i a l  around t h e  popula ted  i s l a n d s .  An 
es t imate  of t h e  commercial landings for t h e  S t a t e  f o r  1984 
i s  662 MT, which ind ica tes  t ha t  commercial landings have 
continued t h e i r  rapid increase and are now grea te r  than a t  
any t i m e  s i n c e  World War I1 (Figure  11.4).2 The h i g h  
c a t c h e s  from 1948 t o  1953 correspond t o  c a t c h e s  f o r  a 
period when both the  NWHI and main Hawaiian Is lands were 
f i shed .  However, from t h e  mid-1950s u n t i l  about  1975, 
when there  was renewed i n t e r e s t  i n  the stoclcs of t he  NWHI, 
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YEARS 1948-1984 

F igure  11.4 The annual commerci a1 1 andi ngs f o r  
deepwater  bot tom fi shes f rom t h e  mai  n i s l a n d s  
and t h e  e n t i  r e  arch i p e l  ago f o r  1948-1984. Data 
reported by Sta te  o f  Hawaii,  D iv is ion  o f  Aquatic 
Resources. A = archipelago landings; = main 
i s l  and 1 andi ngs 

most of t h e  f i s h i n g  was r e s t r i c t e d  t o  t h e  main Hawaiian 
I s l ands .  Records of l a n d i n g s  from t h e  main Hawaiian 
I s l a n d s  are a v a i l a b l e  only s i n c e  1959. Landings have 
f luc tua ted  i n  the range of 100 t o  200 MT from 1959 t o  1978 
while  s ince 1978 have shown rapid growth. The estimated 
c a t c h  f o r  1984 i s  413.6 MT. The r a p i d  i n c r e a s e  i n  land-  
i n g s  from t h e  main Hawaiian I s l a n d s  and from t h e  e n t i r e  
State s ince  1978 is  a direct result of an expansion of the 
l o c a l  market  f o r  f r e s h  bottom f i s h e s  a t  a r e l a t i v e l y  
s t a b l e  and s t r o n g  p r i c e  (Pooley 1986). I n  1984 t h e  
wholesale pr ices  f o r  bottom f i shes  averaged $5.83/kg, and 
onaga and opakapaka ccmmanded the  highest  pr ices  a t  $8.80 
and $7.37/kg, respectively.2 

The s p e c i e s  composi t ion  of t h e  commercial landings 
from t h e  main i s l a n d s  does n o t  show any r a d i c a l  changes 
from 1959 t o  1984. b u t  some of t h e  s p e c i e s  do e x h i b i t  
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s u b s t a n t i a l  r e l a t i v e  i n c r e a s e s  o r  decreases  (Table 11.7). 
Some of  t h e s e  changes  a r e  r e a d i l y  e x p l a i n a b l e .  s u c h  a s  8 
d e c l i n e  of kahala  (grouped i n  t h e  Others category)  due t o  
i t s  i m p l i c a t i o n  i n  c i g u a t e r a  poisoning .  t h e  r e l a t i v e  
i n c r e a s e  of onaga. t h e  d e e p e s t  w a t e r  s p e c i e s .  due t o  
i n c r e a s i n g  f i s h i n g  pressure  i n  deeper h a b i t a t  as t h e  t o t a l  
f i s h i n g  pressure  increases ,  and t h e  corresponding re la t ive 
d e c l i n e  of t h e  shal lower water spec ies  u lua  and uku due t o  
o v e r f i s h i n g  i n  shallow waters. 

The f i r s t  a p p r o a c h  t o  y i e l d  a s s e s s m e n t  f o r  t h i s  
mu1 t i s p e c i e s  f i s h e r y  was  f i t t i n g  a Schaef  e t  s u r p l u s  
product ion model t o  t h e  commercial ca tch  and e f f o r t  d a t a  
(measured  i n  vessel  days)  f o r  1959-1978 ( R a l s t o n  and 
P o l w i n a  1982). For t h i s  a n a l y s i s  t h e  main i s l a n d s  were 
grouped i n t o  f o u r  banks t h a t  a r e  s e p a r a t e d  by deep  
channels and hence assumed t o  represent  c losed  popula t ions  
s i n c e  a d u l t s  and j u v e n i l e s  a re  n o t  known t o  move a c r o s s  
deep channels. The I s l a n d s  of Oahu and H a w a i i  each formed 
t h e i r  own bank: Kauai. Ni ihau .  and Kaula  I s l a n d s  were 
pooled  as  one bank b e c a u s e  of t h e i r  p r o x i m i t y  t o  e a c h  
o t h e r ;  and  t h e  I s l a n d s  of Maui. Lanai .  Kahoolawe. and  
Molokai  (MLKM) were t r e a t e d  as a s i n g l e  bank s i n c e  t h e  
depths  between them were <200 m. A t  f i r s t ,  s i n g l e  s p e c i e s  
s u r p l u s  production models were appl ied  t o  all 13 s p e c i e s  
f o r  e a c h  of t h e  4 banks.  b u t  mos t  of t h e  f i t s  were n o t  

TPBLE 11.7 
Commerci a1 1 andi ngs o f  deepwater bot tan f i s h e s  
from the main Hawaiian Is lands  ( i n  m e t r i c  tons)  

Species 1964 ( X I  1974 (%I 1984 (X I  

E h U  

Gindai 
Hapuupuu 
Kalekale 
Lehi 
Onaga 
Opakapaka 
U k U  
u1 ua 
Others 

9.3 
0.7 
4.0 
7.1 
0.4 
21.7 
42.4 
40.1 
13.8 
38.0 

( 5.2) 9.4 
( 0.4) 0.5 
( 2.3) 8.5 
( 4.0) 2.2 
( 0.2) 1.9 
(12.2) 17.7 
(23.9) 48.7 
(22.6) 35.0 
( 7.8) 12.0 
(21.4) 14.1 

( 6.31 
( 0.3) 
( 5.7) 

(11.8) 
(32.4) 
(23.3) 
( 8.0) 
( 9.4) 

16.7 
2.1 
25.1 
10.8 
7.4 
86.7 
96.2 
66.4 
27.1 
75.0 

( 4.0) 
( 0 . 5 )  

( 2.6) 
( 1.8) 
(21.0) 
(23.2) 
(16.1) 
( 6.6) 
(18.1) 

( 6.1) 

Tot a1 177.5 150.0 413.6 



521 

s t a t i s t i c a l l y  s i g n i f i c a n t .  The poor  f i t  of t h e  s i n g l e  
s p e c i e s  models  was  p r o b a b l y  a r e s u l t  of u s i n g  e f f o r t  
measured i n  vessel-days. because a vessel-day produces a 
m u l t i s p e c i e s  c a t c h ;  hence  t h i s  r e p r e s e n t e d  a measure of 
m u l t i s p e c i e s  e f f o r t  more than e f f o r t  d i r e c t e d  toward any 
p a r t i c u l a r  species.  Next, 2 aggregated mu1 t i s p e c i e s  sur- 
p lus  product ion models were applied.  1 t o  t h e  13 s p e c i e s  
pooled together .  t h e  t o t a l  biomass Schaefer model. and t h e  
o t h e r  t o  3 s e p a r a t e  s p e c i e s  groups formed by aggrega t ing  
t h e  s p e c i e s  according t o  t h e i r  depth d i s t r i b u t i o n .  

The MLKM bank. w h i c h  a c c o u n t s  f o r  o v e r  50% of  t h e  
S t a t e  b o t t o m  f i s h  l a n d i n g s .  is t h e  o n l y  bank w h e r e  b o t h  
a p p r o a c h e s  produced  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s .  
The a p p l i c a t i o n  of t h e  S c h a e f e r  model  t o  t h e  t h r e e  
aggregated s p e c i e s  groups explained only s l i g h t l y  more of 
t h e  t o t a l  v a r i a t i o n  i n  c a t c h  t h a n  t h e  t o t a l  b i o m a s s  
Schaefer model. AB a f i r s t  approximation. t r e a t i n g  t h e  13 
spec ies  bottom f i s h  resource w i t h  t h e  t o t a l  biomass model 
is  appealing. A l l  t h e  s p e c i e s  occupy a very  s i m i l a r  range 
of h a b i t a t ,  a l l  t h e  s p e c i e s  a p p e a r  t o  b e  h i g h  l eve l  
carn ivores  w i t h  no evidence of prey-predator i n t e r a c t i o n s  
among them. and  f i s h i n g  f o r  one s p e c i e s  a l s o  exer t s  
pressure  on o t h e r  species. 

The e s t i m a t e d  MSY based on t h e  t o t a l  biomass Schaefer 
model f o r  t h e  MLKM bank i s  106 MT. which corresponds t o  a 
u n i t  MSY of  272 lcg/nmi of  200-m c o n t o u r  ( R a l s t o n  and  
P o l o v i n a  1982). T h i s  e s t i m a t e  i s  a l o w e r  bound e i n c e  i t  
inc ludes  only commercial l andings  and n o t  t h e  r e c r e a t i o n a l  
catch,  which could be s u b s t a n t i a l .  

The l e n g t h s  of t h e  200-111 contour f o r  t h e  main i s l a n d s  
and  t h e  NWHI  are 977 and 1.231 nmi. r e s p e c t i v e l y .  B a s e d  
on t h e  annual MSY estimate of 272 kg/nmi of 200-m contour. 
t h e  MSY i s  es t imated  a t  266 MT f o r  t h e  main i s lands .  335 
MT f o r  t h e  NWHI. and 601 MT f o r  t h e  e n t i r e  a r c h i p e l a g o .  
S i n c e  1979 t h e  l a n d i n g s  f r o m  t h e  main i s l a n d s  h a v e  
exceeded t h e  es t imated  MSY level. and t h e  1984 e s t i m a t e d  
landings  of 414 MT were 55% above t h e  MSY. Landings from 
t h e  NWHI f o r  1984 were 74% of t h e  MSY. 

I t  i s  d i f f i c u l t  t o  o b t a i n  a n  a c c u r a t e  m e a s u r e  of 
f i s h i n g  m o r t a l i t y  f o r  t h e  resource. Over t h e  per iod  1959- 
1978. where .a measure of e f f o r t  i n  vessel-days i s  avail- 
a b l e .  t h e r e  was a t h r e e f o l d  i n c r e a s e  i n  vesse l  d a y s  
( R a l s t o n  and P o l o v i n a  1982). However, t e c h n o l o g i c a l  
changes  s u c h  a s  e l e c t r i c  or h y d r a u l i c  g u r d i e s .  fa thom-  
eters. chromoacopes. and l o r a n  have increased  t h e  f i s h i n g  
power of t h e  vessel  so t h a t  t h e  t r e n d  i n  vesse l  d a y s  
u n d e r e s t i m a t e s  t h e  r e a l  t r e n d  i n  f i s h i n g  m o r t a l i t y .  I n  
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a d d i t i o n  t o  t h e  considerable  i n c r e a s e  i n  f i s h i n g  m o r t a l i t y  
i n  recent  years.  t h e r e  i s  evidence. a t  least f o r  opakapaka 
i n  t h e  main i s lands .  of s u b s t a n t i a l  decrease  i n  t h e  age of 
e n t r y  t o  t h e  f i s h e r y  b e t w e e n  1 9 8 0  and  1 9 8 4  ( R a l s t o n  and 
Kawamo t o  1985). A y i e l  d - p e r - r e c r u i  t a n a l y s i s  i n d i c a t e s  
t h a t  i n  1980 t h e  a g e  of e n t r y  and  f i s h i n g  m o r t a l i t y  . for  
opakapaka on Penguin Bank were 4 y e a r s  and 0.48/yearS 
respec t ive ly ,  which placed i t  on the eumetr ic  l i n e  of t h e  
y i e l d - p e r - r e c r u i t  i s o p l a t h  ( R a l s t o n  1984).  By 1984. 
however. a weight-frequency d i s t r i b u t i o n  f o r  f i s h  landed 
from t h e  main Hawaiian I s l a n d s  i n d i c a t e d  t h a t  t h e  age of 
e n t r y  w a s  1.8 y e a r s .  which. w i t h  a f i s h i n g  m o r t a l i t y  of 
0.48/yearS results i n  a 17% r e d u c t i o n  from t h e  1980 yield-  
per - recru i t  level (Ralston and Kawamoto 1985). When t h e  
a p p r o a c h  used  i n  t h e  M a r i a n a s  a n a l y s i s  t o  compute t h e  
r a t i o  of t h e  e x p l o i t e d  t o  u n e x p l o i t e d  spawning  s t o c k  
b i o m a s s  i s  a p p l i e d  t o  opakapaka  s t o c k s  i n  t h e  Hawaiian 
I s l a n d s  w i t h  a n  a g e  of e n t r y  o f  1.8 y e a r s  and a f i s h i n g  
m o r t a l i t y  of 0.5/year. i t  i s  e s t i m a t e d  t h a t  t h e  spawning 
s t o c k  biomass i s  reduced t o  10% of i t s  unexploi ted level. 
This compares w i t h  28% of i ts  unexplo i ted  level when t h e  
age of e n t r y  i s  4 y e a r s  and t h e  level of f i s h i n g  m o r t a l i t y  
remains t h e  same. 

MANAGE- IWLICATIONS 

I f  t h e  r a n g e  of  a n n u a l  s u s t a i n a b l e  y i e l d  of 165 t o  
280 kg/nmi of 200-m contour e s t i m a t e d  i n  t h e  Marianas i s  
t a k e n  as an  a r c h i p e l a g o  r a n g e  f o r  P a c i f i c  i s l a n d s  and 
a p p l i e d  t o  t h e  main Hawai ian  I s l a n d s .  a n  u p p e r  bound of  
s u s t a i n a b l e  y i e l d  i s  e s t i m a t e d  a t  274 HT a n n u a l l y .  The 
l a n d i n g s  from t h e  main i s l a n d s  h a v e  exceeded  t h i s  l e v e l  
s i n c e  1980. and by o v e r  55% i n  1984. T h i s  r a i s e s  ques-  
t i o n s  a b o u t  t h e  g e n e r a l  n a t u r e  o f  t h e  range.  However. 
g i v e n  t h e  e v i d e n c e  of g r o w t h  o v e r f i s h i n g ,  a t  l e a s t  f o r  
opakapaka, and t h e  reduct ion  of i t s  spawning s t o c k  biomass 
t o  as low as 10% of i t s  u n e x p l o i t e d  leve l .  i t  a l s o  
s u g g e s t s  t h a t  t h e s e  h i g h  l e v e l s  o f  y i e l d  may n o t  b e  
sus ta inable .  

Whereas t h e  t o t a l  biomass approach f o r  m u l t i s p e c i e s  
b o t t o m  f i s h  s t o c k s  i s  u s e f u l  as a f i rs t  s t e p  f o r  assess- 
ment and management. i t  can b e  r e f i n e d  w i t h  a s p e c i e s  
s p e c i f i c  a p p r o a c h  b a s e d  on t h e  B e v e r t o n  and H o l t  y i e l d  
e q u a t i o n .  T h i s  e q u a t i o n .  a p p r o p r i a t e l y  f o r m u l a t e d ,  
r e q u i r e s  only  es t imates  of  Z/K. F/M. LJL, and L$L, f o r  
y i e l d - p e r - r e c r u i  t and r e l a t i v e  s p a w n i n g  s t o c k  a n a l y s e s  



523 

(Beve r ton  and H o l t  1966 ;  B e d d i n g t o n  and Cooke 1983). 
Given t h a t  some of  the r e c e n t  length-based methods produce 
e f f i c i e n t  e s t i m a t o r s  of Z/K when app l i ed  t o  l a r g e  length-  
f r e q u e n c y  s a m p l e s .  i t  i s  p o s s i b l e  t o  d e v e l o p  s p e c i e s  
s p e c i f i c  management of deepwater bottom f i s h e s  f o r  P a c i f i c  
i s l a n d s  b a s e d  on ly  on l e n g t h - f r e q u e n c y  s a m p l e s .  Even 
heav i ly  f i s h e d  a rch ipe lagos  such as  H a w a i i  have r e l a t i v e l y  
u n f i s h e d  a reas  t h a t  can  be  sampled  t o  e s t i m a t e  M/K. 
F i s h e d  b a n k s  w i l l  p r o v i d e  a n  e s t i m a t e  o f  Z / K  t h a t ,  
t o g e t h e r  w i t h  M/K. p r o v i d e s  an e s t i m a t e  of  F/M. These 
e s t i m a t e s .  t o g e t h e r  w i t h  e s t i m a t e s  of  Lc/LoD and  Lm/L,, 
wh ich  a r e  a l s o  e a s y  t o  o b t a i n  from l e n g t h - f r e q u e n c y  
samples and ma tu ra t ion  s tud ie s .  can be used t o  de t e rmine  
if t h e  s t o c k  d e p a r t s  f rom t h e  e u m e t r i c  l i n e  and  t o  e s t i -  
ma te  r e l a t i v e  spawning  s t o c k  b iomass .  F u r t h e r ,  a t i m e  
se r i e s  o f  s p e c i e s  s p e c i f i c  es t imates  of  2 o r  even  Z / K  
obtained from length-frequency data.  t o g e t h e r  w i t h  t o t a l  
c a t c h  da ta .  c a n  b e  u s e d  as  t h e  b a s i s  f o r  s i n g l e  spec ies  
product ion modelling (Cs i rke  and Caddy 19 83). 

Based on t h e  Beverton and Holt  y i e l d  equat ion.  upper 
bounds on F re la t ive t o  M c a n . b e  e s t a b l i s h e d  as a f u n c t i o n  
of L,/L,. Consider t h e  bottom f i s h e s  t h a t  have M/K va lues  
f a l l i n g  w i t h i n  t h e  r a n g e  o f  1.0 t o  4.0, w h i c h  a p p e a r s  t o  
inc lude  a l a r g e  number of t h e  snappers  and groupers  (Munro 
1983b; Bannerot 1984; Ra l s ton  1986; P o l w i n a  and Rals ton 
I n  press). Further ,  suppose t h a t  t h e  s i z e  of t h e  onse t  of 
sexual m a t u r i t y  i s  e s t i m a t e d  as L m =  0.5 L,. which appears  
v a l i d  f o r  m o s t  s n a p p e r s  (Grimes 1986). The r a t i o  o f  
spawning s t o c k  biomass under e x p l o i t a t i o n  t o  t h e  spawning 
s t o c k  b i o m a s s  i n  t h e  a b s e n c e  o f  f i s h i n g .  computed  as a 
f u n c t i o n  of F/M w i t h  t h e  B w e r t o n  and Holt  y i e l d  equat ion,  
i s  p resen ted  i n  Figure 11.5. Ca lcu la t ions  were performed 
f o r  two  l e v e l s  of M/K. 1.0 and 4.0. and f o r  t h r e e  l e v e l s  
of  Lc/L, 0.4. 0.5. and 0.6. When M / K  i s  4.0 and Lc/L, i s  
0.6. t h e  s t o c k  c a n  s u s t a i n  h i g h  l e v e l s  of  e x p l o i t a t i o n  
w i t h  m i n i m a l  i m p a c t  on t h e  s p a w n i n g  s t o c k .  T h i s  is 
because when M/K i s  high and h a n e s t i n g  occurs  above t h e  
size of sexual  ma tu r i ty ,  most of t h e  c o n t r i b u t i o n  t o  t h e  
spawning  stock comes f r o m  f i s h  b e t w e e n  t h e  s i z e s  Lm and 
L,. However. when h a r v e s t i n g  occurs a t  or below h, o r  i f  
h a r v e s t i n g  i s  above  L, and M / K  is low. t h e r e  i s  a n  expo- 
n e n t i a l  d e c l i n e  i n  t h e  re la t ive  spawning s t o c k  biomass as 
a f u n c t i o n  of  F/M. I f  Le i s  g r e a t e r  t h a n  b. i t  a p p e a r s  
t h a t  t h e  relative spawning s t o c k  biomass f o r  a f i x e d  level 
of  e x p l o i t a t i o n  (F/M) i n c r e a s e s  w i t h  i n c r e a s i n g  M/K. 
C o n v e r s e l y ,  when L, i s  l e s s  t h a n  L t h e  g r e a t e r  M/K. t h e  
l o w e r  t h e  r e l a t i v e  s p a w n i n g  *to$ b iomass .  I f  i t  i s  
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Figure 11.5 The r a t i o  o f  spawning stock 
b l  omass a s  a function o f  f i  shlng mortal I t y  t o  
spawning stock biomass in  the  absence o f  
exploitation f o r  two l e v e l s  o f  M / K  a n d  three 
l e v e l s  o f  L/L, when &/L.. = 0.5 

d e t e r m i n e d  t h a t  t h e  e x p l o i t e d  spawning s t o c k  b i o m a s s  
should not  f a l l  below about 20% of i t s  unexploi ted level, 
then f o r  f i s h e s  w i t h  M/K values  i n  t h e  range of 1 t o  4 and 
when L, i s  0.5 F s h o u l d  n o t  exceed  2M i f  Lc i s  g r e a t e r  
t h a n  o r  e q u a l  t o  L, and F s h o u l d  n o t  exceed  H i f  L, i s  
below &. 

Prey-predator i n t e r a c t i o n s  do not  appear t o  be s t r o n g  
f o r  t h e  bot tom f i s h  community ( P a r r i s h  19861, and h e n c e  
mul t i spec ies  i n t e r a c t i o n s  are probably n e g l i g i b l e  (Ralston 
and Poluvina 1982). However, mul t i spec ies  i n t e r a c t i o n  i n  
t h e  form of changes i n  r e l a t i v e  s p e c i e s  abundance may 
occur .  For example,  based  on t h e  B e v e r t o n  and  H o l t  
equat ion it can be shown t h a t  i n  a multispecies f i s h e r y  as 
P i n c r e a s e s  from a l i g h t l y  e x p l o i t e d  s i t u a t i o n  t o  a 
h e a v i l y  e x p l o i t e d  s i t u a t i o n  and c o n c u r r e n t l y  t h e  a g e  of 
e n t r y  d e c r e a s e s ,  t h e  y i e l d  p e r  r e c r u i t  of t h o s e  s t o c k s  
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I- 

F/M=O.l FIM=0.5 F/M=1.5 F/M=3.0 F/M=5.0 
k / L = O . 9  Lc/L~=O.8 Lc/L=0.7 klL .0 .6  Lc/L=0.5 

F i g u r e  11.6 The r e l a t i v e  c o n t r i b u t i o n  t o  t h e  
t o t a l  catch f o r  a multispecies group consisting 
of  three species wi th  d i f f e r e n t  M/K values as a 
f u n c t i o n  o f  f i s h i n g  m o r t a l i t y  t o  n a t u r a l  
m o r t a l i t y  (F/M) and r e l a t i v e  age of entry LJL, 

w i th  t h e  higher  M/K values  w i l l  increase r e l a t i v e  t o  the  
y i e l d  p e r  r e c r u i t  of t h o s e  s t o c k s  w i t h  t h e  l o w e r  M/K 
values .  S i m u l a t i o n  on a th ree - spec ie s  group w i t h  M/K 
values  of 1, 2, and 3. which represents  a re&onable range 
f o r  t h e  bottom f i shes  i n  H a w a i i ,  begins wi th  F/M equal t o  
0.1, s i z e  of e n t r y  equa l  t o  90% L,. and each  s p e c i e s  
accoun t ing  f o r  one- th i rd  of t h e  landings .  When F/M has 
i n c r e a s e d  t o  3 and s i z e  of e n t r y  t o  60% &. (and assuming 
no change i n  r e c r u i t m e n t  f o r  each species), t h e  s p e c i e s  
w i t h  M/K of 3 w i l l  account  f o r  67% of t h e  l a n d i n g s  w h i l e  
t h e  species  wi th  M/K of 1 w i l l  only account f o r  7% (Figure 
11.6). Further, the  r a t i o  of the exploited spawning s tock 
biomass t o  unexploited spawning stock biomass w i l l  decl ine 
more rapidly f o r  the  species  with low M/K values than f o r  
t h e  s p e c i e s  w i t h  h i g h e r  M/K v a l u e s  (when L, i s  g r e a t e r  
than Lm). possibly adding fu r the r  t o  the reduction of the  
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r e l a t i v e  c o n t r i b u t i o n  of low M/K s p e c i e s  (F igu re  11.5). 
It i s  t h e  change i n  t h e  age of e n t r y  more than  t h e  change 
i n  f i sh ing  mortal i ty  t h a t  i s  responsible f o r  t he  change in 
relative y i e l d .  

Once the  age of entry has been reduced subs tan t ia l ly  
below t h e  optimum v a l u e  based on y i e l d  p e r  r e c r u i t  a n d  
r e l a t i v e  spawning stock biomass analysis. as it appears t o  
be f o r  opalcapaka in the main Hawaiian Islands. management 
recommendations t h a t  i n c r e a s e  t h e  age  of e n t r y  must be 
s e n s i t i v e  t o  t h e  dynamic or shor t - te rm re sponse  of t h e  
fishery. Even though y ie ld -pe r rec ru i t  ana lys i s  indicates 
t h a t  t h e  long-term e q u i l i b r i u m  y i e l d  w i l l  be i n c r e a s e d  
w i t h  an i n c r e a s e d  age of en t ry ,  t h e  shor t - te rm loss may 
exceed t h e  long-term ga in  t o  t h e  f i she rmen  w h i l e  t h e  
p o p u l a t i o n  s t r u c t u r e  of t h e  s t o c k  i s  r e a d j u s t i n g  t o  t h e  
h i g h e r  age of e n t r y  (Huntsman and Waters 1986). I n  such 
s i tua t ions ,  management may f ind  t h a t  a gradual increase in 
t h e  age of e n t r y  through s m a l l  annual  i nc remen t s  i s  
preferable  t o  a s ingle  step increase t o  t h e  optimal age of 
entry.  

Although t h e  mean level of t h e  e x p l o i t e d  spawning 
stock biomass r e l a t i v e  t o  the  unexploited level has been 
used t o  de t e rmine  t h e  l e v e l  of e x p l o i t a t i o n  t h a t  can be 
sustained. the  var ia t ion  in spawning stock biomass about 
t h i s  mean leve l  has not been considered. I f  va r i a t ion  i n  
recruitment i s  substantial. it  may induce var ia t ion  in the 
spawning stock biomass, vhich may have a greater impact on 
t he  sus t a inab i l i t y  of a level of y i e ld  than the  mean value 
of t h e  spawning stock biomass (Beddington and Cooke 1983). 
I f  i t  i s  assumed t h a t  r e c r u i t m e n t  i s  random and annual  
values  are independent and iden t i ca l ly  d is t r ibu ted  about a 
mean R with a coef f ic ien t  of va r i a t ion  (standard deviation 
divided by mean) of s. and i f  it is  assumed t h a t  t he  year- 
to-year variance in growth and mor ta l i ty  are negl igible ,  
then variances f o r  annual yield.  spawning stock biomass, 
and r e c r u i t e d  biomass can be de r ived  by computing t h e  
variance of yield. spawning stock, or biomass f o r  a cohort 
of age t and i n t e g r a t i n g  t h a t  v a r i a n c e  w i t h  r e s p e c t  t o  t 
(Beddington and Coake 1983). For example. t h e  variance of 
t h e  r e c r u i t e d  biomass (V(B)) i n  t h e  absence of e x p l o i t a -  
t i o n  is: 

W 
r 
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Beddington and Cooke (1983) provide an approximation based 
on t h e  B e v e r t o n  and H o l t  e q u a t i o n  t h a t  e x p r e s s e s  t h e  
c o e f f i c i e n t  of v a r i a t i o n  (c.o.v.) of e i t h e r  t h e  catch, t h e  
r e c r u i t e d  b iomass ,  o r  t h e  spawning  b i o m a s s  as t h e  same 
f u n c t i o n  of t h e  c o e f f i c i e n t  of v a r i a t i o n  of r e c r u i t m e n t  
( 8 )  and t o t a l  m o r t a l i t y  (Z) as: 

C.O.V. = (2/3)s(z)0e5 (1) 

Thus, i f  catch data are a v a i l a b l e  f o r  a period where Z is 
r e l a t i v e l y  c o n s t a n t  and known, t h e  C.O.V. of r e c r u i t m e n t  
can  b e  e s t i m a t e d ,  and t h e  C.O.V. of t h e  spawning  s t o c k  
biomass determined as a func t ion  of Z. With t h i s  l a t te r  
r e l a t i o n s h i p ,  c o n f i d e n c e  i n t e r v a l s  of t h e  r e l a t i v e  
spawning s t o c k  biomass can be computed as a func t ion  of F. 
In a number of ins tances  it appears t h a t  annual r e c r u i t -  
ment  and hence  spawning  s t o c k  b i o m a s s  h a s  a l o g n o r m a l  
d i s t r i b u t i o n .  so t h e  a p p r o p r i a t e  t r a n s f o r m a t i o n  must  b e  
a p p l i e d  t o  t h e  v a r i a n c e  of t h e  spawning  s t o c k  b i o m a s s  
before  confidence intervals based on normal theory can be 
used. 

This approach w i l l  be appl ied t o  estimate t h e  lower 
bound of a 90% c o n f i d e n c e  i n t e r v a l  of t h e  r e l a t i v e  
spawning s t o c k  biomass f o r  opalcapaka when E' i s  0.5/yearD 
a g e  of. e n t r y  t o  t h e  f i s h e r y  i s  1.8 y e a r s .  and a g e  of 
sexual matur i ty  is 3.25 y e a r s  ( t h e  parameters t h a t  appear 
t o  r e p r e s e n t  t h e  c o n d i t i o n  of t h e  s t o c k  around t h e  main 
i s l a n d s  i n  1984 ( R a l s t o n  and Kawamoto 1985)). The C.O.V. 
of t h e  c a t c h  for t h e  opakapaka f i s h e r y  was e s t i m a t e d  a t  
0.23 by u s i n g  a n n u a l  l a n d i n g s  from j u s t  t h e  main i s l a n d  
ca tch  f o r  1959 t o  1970, when f i s h i n g  e f f o r t  w a s  r e l a t i v e l y  
constant. Prom Equation 1 w i t h  2 es t imated  t o  be 0.5 (M = 
F = 0.2s) o v e r  t h e  p e r i o d  1959-1970 and t h e  C.O.V. f o r  
opakapaka c a t c h  of 0.23. s i s  e s t i m a t e d  t o  b e  0.49. An 
estimate of t h e  C.O.V. f o r  opakapaka spawning  s t o c k  
biomass (SSB) is  then est imated from Equation 1 as: 

C.O.V. (SSB) = (0.49) (2/3) m F  . 
When t h e  mean spawning  s t o c k  b iomass  i s  a t  10% of t h e  
u n e x p l o i t e d  spawning  s t o c k  b iomass  (SSB,), which c o r r e -  
sponds t o  F = 0.5, Equation 1 becomes: 

c.o.v.(SSB) = 0.28 
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o r  standard dev ia t ion  (SSB) = 0.28 mean (SSB) 

= 0.28 (O.l)(SSBo) 

= 0.028 SSBo 

Thus. variance (Si!&) = 7.84 10-~ . 
A c o n f i d e n c e  i n t e r v a l  f o r  t h e  r e l a t i v e  s p a w n i n g  s t o c k  
b i o m a s s  can  b e  o b t a i n e d  by t r a n s f o r m i n g  t h e  lognormally 
d i s t r i b u t e d  spawning  s t o c k  b i o m a s s  i n t o '  a n o r m a l l y  
d i s t r i b u t e d  v a r i a b l e .  When t h e  mean v a l u e  € o r  t h e  
spawning  s t o c k  b i o m a s s  is 10% of  i t s  u n e x p l o i t e d  v a l u e .  
t h e  l o w e r  bound of t h e  90% c o n f i d e n c e  i n t e r v a l  i s  6% of  
i ts  unexploited lwel. Thus. when rec ru i tmen t  v a r i a t i o n  
i s  no t  considered. i t  is es t ima ted  t h a t  t h e  spawning s tock  
biomass of opakapaka around t h e  main i s l a n d s  i n  1984 was 
a t  about 10% of i t s  unexploited level, but  when v a r i a t i o n  
i n  r e c r u i t m e n t  i s  t a k e n  i n t o  accoun t .  t h e  r e l a t i v e  
spawning  s t o c k  b i o m a s s  c o u l d  have been a s  low a s  6%. It 
i s  i n t e r e s t i n g  t h a t  t h e  C.O.V. of  r e c r u i t m e n t  f o r  opaka- 
paka e s t i m a t e d  a t  0.49 i s  s l i g h t l y  l ess  t h a n  m o s t  o f  t h e  
e s t i m a t e s  of t h e  C.O.V. of  r e c r u i t m e n t  f o r  18 t e m p e r a t e  
s p e c i e s  t h a t  t y p i c a l l y  exceeded 0.6 (Hennemuth e t  a l .  
1980). 

Beyond the conventional management approaches such as 
r e g u l a t i n g  t h e  age of e n t r y  t o  t h e  f i s h e r y  and t h e  f i s h i n g  
pressure. f i s h e r y  enhancement may provide o p p o r t u n i t i e s  t o  
i n c r e a s e  y i e l d s  of deepwater bottom f i s h e s  around P a c i f i c  
i s l a n d s .  One a p p r o a c h  t o  f i s h e r y  enhancement  i n  H a w a i i  
has b e e n  t h e  i n t r o d u c t i o n  of s p e c i e s  g r o u p s  t h a t  were 
u n d e r r e p r e s e n t e d  among t h e  n a t i v e  f a u n a  of  t h e  Hawai i an  
I s l a n d s .  w i t h  t h e  i d e a  t h a t  t h e s e  g r o u p s  wou ld  f i l l  a 
niche i n  t h e  ecosystem and add t o  t h e  t o t a l  f i s h e r y  yield.  
Between 1955 and 1961. 11 s p e c i e s  of Serranidae,  Lutjan- 
idae. and Le th r in idae  were introduced. Only t h r e e  s p e c i e s  
have  e s t a b l i s h e d  s i g n i f i c a n t  p o p u l a t i o n s :  t h e  g roupe r .  
Cephalopholis argue. and a snapper. L u t j  anus fulvus.  which 
o n l y  c o n s t i t u t e  a minor  component of t h e  c o m m e r c i a l  
l a n d i n g s .  and t aape .  L u t j a n u s  k a s m i r a .  wh ich  h a s  s p r e a d  
widely throughout t h e  archipelago. The commercial c a t c h  
of taape i s  30 MT. and most probably would be considerably 
g r e a t e r  i f  m a r k e t  p r i c e s  were h i g h e r  (Oda and P a r r i s h  
1981). Although the  i n t r o d u c t i o n  of taape appea r s  t o  have 
increased t h e  t o t a l  y i e l d  of the bottom f i s h  f i s h e r y  and 
t h e r e  d o e s  n o t  a p p e a r  t o  b e  a m a j o r  d i e t a r y  o v e r l a p  
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be tween  t a a p e  and  any n a t i v e  s p e c i e s .  some f i s h e r m e n  
complain t h a t  i t  competes a g g r e s s i v e l y  and s u c c e s s f u l l y  
f o r  f i s h i n g  gear  so t h a t  ca t ches  of more d e s i r a b l e  n a t i v e  
s p e c i e s  are reduced (Oda and P a r r i s h  1981). 

A r t i f i c i a l  r e e f s  r e p r e s e n t  another  f i s h e r y  enhance- 
ment a p p r o a c h  t h a t  may i n c r e a s e  t h e  p r o d u c t i o n  o f  
d e e p w a t e r  b o t t o m  f i s h e s .  I n  Hawaii .  many b a n k s  t h a t  
support  populat ions of snappers and groupers a long t h e i r  
p e r i m e t e r s  h a v e  f l a t .  s andy  t o p s  i n  t h e  5 0  t o  90  m d e p t h  
range t h a t  support  very low d e n s i t i e s  of f i sh .  I f  t h e  low 
d e n s i t i e s  of f i s h  o v e r  t h e  t o p s  of t h e s e  b a n k s  a r e  a 
r e s u l t  of t h e  l a c k  of s u i t a b l e  hab i t a t .  and r ec ru i tmen t  is  
not  l i m i t i n g .  a r t i f i c i a l  r e e f s  placed on t h e s e  banks can 
o f f e r  a p p r o p r i a t e  h a b i t a t  t o  support  an inc reased  s t and ing  
s t o c k  and  hence  a y i e l d  of c o m m e r c i a l l y  v a l u a b l e  b o t t o m  
f ishes .  The t o t a l  area of h a b i t a t  u t i l i z e d  by deepwater 
snappers and groupers i n  t h e  Hawaiian Archipelago i s  about 
2.000 nmi2. Penguin Bank alone o f f e r s  an area of 500 nmi2 
of level ,  sandy h a b i t a t  w h i c h  c u r r e n t l y  s u p p o r t s  o n l y  a 
v e r y  low d e n s i t y  of c o m m e r c i a l l y  v a l u a b l e  f i s h e s .  I f  
app ropr i a t e  h a b i t a t  i s  a l i m i t i n g  f ac to r .  a r t i f i c i a l  r e e f s  
placed on Penguin Bank alone can i n c r e a s e  t h e  product ive 
bottom f i s h  h a b i t a t  i n  t h e  S t a t e  by 25%. 

1. Data on f i l e  w i t h  Western P a c i f i c  Fishery Informa- 
t i o n  Network, Southwest F i s h e r i e s  Center Honolulu Labora- 
tory, Nat ional  Marine F i s h e r i e s  Service. NOAA, Honolulu. 
HI 96822-23 96. 

2. Data from Western P a c i f i c  Regional Fishery Manage- 
ment Council. 
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